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INTRODUCTION 


Of the major classes of biological materials, sugars, 
fats, an@ proteins, only proteins cannot be stored. Ingest~ 
ed proteins, or protein from breakdown and turnover of 
body cell components, must be degraded and the products 
used or discarded. Products of this degradation are amino 
acids, which are transaminated or deaminated. If an animal 
isa carnivore, very large amounts of protein nitrogen are 
ingested, and much of this nitrogen must be eliminated. 
Another source of waste nitrogen is catabolism of nucleic 
acids; the major degradation products of these are purines 
and pyrimidines. 

Several nitrogen-containing compounds have been 
found commonly in animal tissue, body fluids, end excre- 


tions. Free amino acids are found in invertebrates 


water and land invertebrates 


(awapara, 1962), with fresh 
having @ lover concentration of amino acids than marine 
invertebrates (Potts, 1967). Molluscs have been reported 
to excrete large amounts of amino acids, Lymnaea stagnalis 
exeretes 28% of ite nitrogen as amino acias (Spitaer, 1937), 
and Helix pomatia, 5 ~ 8% (Delaumay, 1931), 

Ammonia is produced by trensamination end deamination 


of amino acids, Because of its toxicity, it must be excreted 


at once, or converted to another, less toxic, substance. 
Some aquatic molluscs are known to exerete large amounts 

of ammonia. Deleunay (1925) found that ammonia represents 
65% of the non-protein nitrogen of the urine of Sepia 
officinalis, Land pulmonates have been reported to have 
larger amounts of ammonia in their blood than do fresh-water 
pulmonates (Delaunay, 1931), but excrete less ammonia 
(Spitzer, 1937). 

Urea is found in large amounts in urine of verte- 
brates, Man excretes 85 - 907 of his waste nitrogen as 
urea (Folin, 1905), Invertebrates produce mech smaller 
amounts of urea. Arginine is a major amino ecia in plants, 
forming about 14% of the total amino acids (Baldwin and 
Needham, 1934). Since the action of arginase on arginine 
results in urea formation, and land molluscs are known to 
contain @ great deal of arginase activity (Baldwin, 1935; 
Gaston and Campbell, 1966), presumably they could excrete 
urea as a result of dietary arginino. Barly authors, 
notably Deleunay (1931), Needham (1935), and Baldwin (1947), 
delieved urea was an important exeretory product of land 
snails, but more recently it has become apparent that urea 
represents only a very small percentage of waste nitrogen 
(Jezewska, Gorzkowski and Heller, 1963a; Campbell and 


Speeg, 1968). 


Purines, especially uric acid, have been found in a 


wide variety of molluscs. Strohl (1914) suggested that 


uric acid is typically an excretory product of adult gastro~ 
pods, Xanthine and guanine have also been found in the 
kidney and excreta of gastropods (Jezewska, et al., 19630; 
Lee and Campbell, 1955). 

‘The usual method for disposing of waste nitrogen is 
elimination in the urine, but gastropods have the additional 
capacity to store materials in their kidneys. Jecobson 
(1820) showed that the kidney of H. pomatia contains largely 
uric acid, and Marchal (1889) purified and measured this 
uric acid. He reported that H. pomatia kidney contains an 
average of 7 mg of uric acid, Delaunay attempted mensure- 
nents of nitrogenous materials from both kidney end urine 
of H. pomatia, In an often-quoted study, Delaunay (1931) 
reported that urea madi up 20% of the excretory products. 

He also found amino acids and small amounts of uric acid 
in vater extracts of excreta and much uric acid in the kidney. 

However, Delaunay recognised that his collection 
procedures did not recover all the uric acid, His water 
extract of kidneys left ebout 80% of the purines un-extracted 


(Jezowska, et al., 1963a). He collected “Liquid excreta" 


by keeping the snails partially immersed in water, and 
analysing the water for nitrogenous materials, again leaving 
nost of the purines behind. 


The uricotelic nature of H, 


Pomatia was determined 
by Baldwin and Needham in 1934, Identification of molluscan 


excretory products was largely neglected until 1963, when 


Jezewska, et al., (19632) analysed H. pomatia kidneys and 
exereta. They found that purines accounted for 91 - 98% 
of the nitrogen in the kidney and 96 ~ 102% of the nitrogen 
in voided excreta. Three purines were found: uric acid, 
guanine, and xanthine, the latter two often being in 
excess of uric acid. The same three purines were found 

in Otale lactea (Lee and Campbell, 1965). 

The pattern of nitrogenous excretory products of 
mollusca has been reported to be determined by several 
factors. The most widely ‘mown theory is that of Needham 
(1935) which holds that the major nitrogenous excretory 
product of the adult can be correlated with the environ- 
ment of the early embryo, Aquatic embryos, having access 
to unlimited water, are able to excrete toxic ammonia. 

Iand snails, however, spend their enbryonic life in cleidoic 
eges. The adults should excrete mainly uric acid, which is 


easily stored or excreted in # solid form, conserving water. 


This theory, holding well for vertebrates, also seems to 
be valid for molluscs, Sloan (1958), however, studied two 
closely related fresh-water sneils, Geratodes pornuarictis 
and Pomncea paludosa. G. gornuarietis embryos develop in 
fresh-water; PB. paludosa eggs are cleidoic, deposited above 
the water level. The cleidoie egy of P. paludosa accumu 
Jetes uric acid, the egg of G. eornvarietis excretes 
ammonia. Adults of both species excrete mainly ammonia. 


Thus it is apparent that the exeretory product of the embryo 


is not necessarily that of the adult. Duerr (1967) also 
questions Needham's theory, suggesting instead that 
uricotely is a phylogenetic trait among the gastropods, 
and is not affected by environment. 


Jezewska, et al., (1963b) have found that the pattern 


of purine metabolism is affected by activity. During 
estivation, large amounts of uric acid accumulate in the 


kidney of H, pomatia, Active snails store and void propor- 


tionately more xanthine and guanine, Type and amount of 
food ingested may possibly affect the pattern of nitrogen 
waste materials. Dresel and Moyle (1950) found that land 
isopods and amphipods excrete a large percent of their 
nitrogen waste as ammonia, and some fresh-water forms have 
large amounts of uric acid in their tissues. They suggested 
some sort of "suppression of nitrogen metabolism in land 
forms. Recently Sloan (personal communication) confirmed 
ammonotelism in amphipods, and indicated that gaseous 
ammonia is a metabolic end-product of amino acid metabolism, 
‘The quantity of ammonia excreted seems a function of diet, 
but there is no indication of suppression of nitrogen 
metabolism, 0. lactea is reported to excrete gaseous 
ammonia, and the amount is apparently greater in estivating 
snails than active ones (Speeg and Campbell, 1968). 

Pew attempts have been made to draw up a complete 
balance sheet of nitrogenous waste products of a molluscan 


species, Delaunay was successful in a study of S. officinalis 


(1925), but not as successful with H. pomatia (1931), 
Albritton (1954) gives tables containing data gathered from 
various sources. "he species of land snails for which data 
are given are Arion empiricorun, Linax agrestis, and H. 
pomatia. The data must be carefully interpreted, however, 
since they were obtained by several different avthors, 
using different techniques, ané using aninals wter a 


variety of conlitions, creating i 


onsistencies. Taldwin 
(1935) was able to account for 50% of the nitrogen exere- 
tion of H. pomatia as: 

Ammonia 13.7% 

Urea 20.075 

Uric acid 10.07 

Amino acids, creatinine, ‘and other compounds 67. 
Jezewska, et al, (1963a) found that in H. pomatia, over 
90% of totel nitrogen in the kidney and voided excreta 
consists of uric acid, xanthine, and guanine. Ammonia, 
urea, and amino acids were not detected in kidney or excreta. 

Due to the paveity of this type of information on 

lend snails, it was felt that there was a need for a 
systematic identification and measurement of the major 


nitrogenous components of land snail excreta and kidney, 


th the goal. of drawing up a balance sheet of the components, 
It is necessary to have a complete picture of the spectrum 
of nitrogenous wastes of these animals before attempting 


to draw any conclusions about their adaptations. 


The species chosen for this analysis were Euglandina 


rosea (Ferussac) and Mesomphix yulgatus Baker, Buglandina 


is a large carnivorous pulmonate. Mesomphix, also a 
pulmonate, is a small scavenger and is the natural prey 
of Euglandina. These two species give an opportunity to 
compare the nitrogenous excretory products of a predator 


and its prey, and also those of a carnivore and a scavenger, 


MATERTALS: 


Most of the specimens of Euylandina used in this 
study were collected in a hillside hardwood hammock on 
the University of Florida campus in Gainesville, Florida, 
The mein trees in the area are oaks, with a few magnolias. 
The snails were found under decaying loge and leaves on the 
ground. Other specimens were collected near or on the sides 
of houses in the city of Gainesville, itself, In two 
instances, clutches of eggs were found and hatched in the 
laboratory, and the snails raised to useable size. The 
Mesomphix were collected exclusively from the campus hammock, 
under leaves or partially buried in the humus. 

The Euglandina were kept in individual glass finger- 
bowls on damp filter paper, They were fed 3 ~ 4 times a 
week. Food consisted of terrestricl and aquatic pulmonates, 
with aquatic pulmonates predominating since they were easier 
to obtain in quantity. 

Mesomphix vere used as soon after collection es 
possible since they did not feed or survive well in the 


laboratory. When held for a few days, they were kept in 


large fingerbowls on damp filter paper with about 20 snails 
to a bowl. Both species vere kept in a Labline Environette 


at 23 C and 80% relative humidity. Whe snails remained 


8 


active under these conditions, usually extended partway 
out of their shells when not actually moving about. 
Buglandina excreta emerge froma slit just anterior 
to and continuous with the pneumostome as a cylindrical 
ribbon of white pasty materiel, physically separate and 
easily distinguishable from the jet black fecal material. 
The excreta dry rapidly when exposed to air. Only fresh 
moist excreta were collected for this study in order to 
minimize bacterial degradation of waste products. Exereta 
were either used fresh, or frozen at -20 ¢ for future analysis. 
Mesomphix were held for 2 - 3 days after collection 
in small finger bowls to collect all waste products, which 
were removed periodically and frozen at -20 C for future 
analysis. 
Kidneys of both species were carefully separated 


from surrounding tissues, removed, and frozen at -20 C. 


METHODS 


Ammonia. 


a) Gaseous Anmoni 


‘fwo methods were used to determine whether the two 
species studied release any gaseous ammonia into the atmos— 
phere. In the first method, a modified Conway diffusion 
‘technique (Conway, 1933), @ snail was placed in e small 
lass cylinder (Figure 1), Near one end was cemented @ 
piece of plastie screen to keep the snail restricted from 
that end of the cylinder. ‘The open end of the cylinder was 
closed vith a glass slide, sealed onto the cylinder with a 
paraffin-vaseline mixture. he Screened end wae closed 
with @ paraffin-conted slide on which a hanging drop of 
HCL with Imown normality was placed. Any amnonia given 
off by the snail would be collected in the I1G1, which could 
be titrated and the ammonia determined. Snails were left 
in the cell for 2 hours. Recovery of ammonia standards 
averaged 96.8%. 

‘The second method was modified from Speeg and Campbell 
(1968). Air was bubbled through three flasks containing 1N 
H,80, to absorb any ammonia in the incurrent air. the air 
then passed through a small glass cylinder containing 2 


neil, and finally was bubbled through a fritted-glass 
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Figure 1. 


Diffusion chamber for detection and measure 
nent of gascous ammonia. 
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— Paraffined glass slide 
with hanging acid drop 


Sereen 


Snail chamber 


— Bottom slide 
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bubbler into 0.05 N HCl. After 12 hours, the HCl was 
titrated to determine the ammonia. Recovery of known 


amounts of ammonia placed in the snail chamber was 100%, 


v) Dissolved Ammonia 


Exeretory and kidney ammonia content was determined 
by the method of Shaw and Beadle (1949) and, specifically, 
as modified by Gregg (1950). Half of the material to be 
analysed was dried to determine the water content. The re- 
mainder ' was analysed while wet to avoid driving off ammonia 
in the drying process, 

The method of analysis involved the use of a small 
(0.5 ml) gless chamber, which was to be sealed with a 
paraffin-coated glass slide. The slide was prepared by 
cutting microscope slides in halves, and coating them with 
melted paraffin. When cool, the paraffin provided a hydro- 
phobic surface to which could be applied a 6.7 pl drop of 
0.05 N HCl to absorb ammonia during the distillation process 
to follow. ‘The slide was sealed to’ the glass chamber 
during distillation by a grease made by mixing melted 
paraffin and vaseline to a thick consistency. 

The wet excretawere extracted with 0.01 N phosphate 
buffer, pH 6,8, A 10.6 yl aliquot of the buffer extract 
was delivered into the glass diffusion chamber, and 20 yl 
of 20% NaOH was added to distill off any ammonia present. 
Immediately upon addition of the NaOH, the paraffined glass 


slide with the drop of acid was inverted and sealed onto the 
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top of the chamber, After 3 hours the drop of acid was 
titrated to determine the anmonia content. Recovery of 


Jmown amounts of enmonia averaged 90.0% 


Urea 


Urea was analysed by first degrading it to ammonia 
with urease (glycerol extract [Koch], from W. H. Curtin and 


Co.), then measuring ammonia as before. Recovery was 90.0%, 


Purines 


Material to be analysed for purines was homogenized 
in 0.01 N NaOH in a ground-glass homogenizer. Sumples of 
‘the homogenate were placed on glass thin-layer chromatogra~ 
phic plates spread with Aluminum Oxide G obtained from 
Research Specialties Company, Richmond, Calif. ‘The plates 
were developed in isopropanol:l,0 (10:3). Spots wore 
visualized using a Mineralight short-wave ultra-violet lamp 
producing a wavelength of 254 m. Whe spots were identified 
tentatively by Rp, and were then eluted with four different 
solvents: 2) 0,06 M Borate buffer, pl 8.9, b) 0.06 1 
NaOH, c) 0.1 NHGL, anda) 0.2 M phosphate buffer, pl 6.8. 
Ultraviolet spectra of unlnown spots were compared with 
those of kmown purines. Ultraviolet spectra were obtained 
with a Bausch and Lomb Model 505 Recording Spectrophotometer, 

After spots wore identified, paper chromatography 


was used for seperation of the purines for measurement. 
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Aliquots of homogenates were placed on Whatman No. 1 filter 
paper and developed in isopropanol :H,0 (10:3), After 
development, the spots were located by viewing under ultra- 
violet light as before and wore cluted with distilled water. 
The optical densities at the spectral maxima were obtained 
and compared with standard curves of known purines, Recov— 
ery of 80 - 85% was routinsly obtained. Results were 


adjusted to correct for recovery. 


Amino Acids 
a) Identification 


Amino aids were identified according to the method 
of Shiralipour, Harris, and West (1969). 

Material to be analysed for amino acids was homoge- 
nized in a ground glass homogenizer with 95% ethanol. 
Samples of the ethanol extract were spotted on Eastman 


Chromagram Prespread 


ronatography Sheets (Sheet 606 X, 
Cellulose Without Fluorescent Indicator). Components of 
‘the extract were separated two dimensionally, Solvents 
used wore: 

first dimension ~ isopropanol:formic acid: 


@istilled water (80:42:20) 


second dimension ~ tert,—butanol tmethy1— 
ethyl ketone:10% Ni,Olizdistilled water (50230210210), 
The chromatogram was allowed to develop in the first solvent 


for 16 hr, then was removed and allowed to dry for 1 hr at 
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room temp, heated at 65 C for 15 min, and cooled for 15 
min, ‘he chromatoxram then was placed in the second solvent 
and allowed to develop. After 6 hr it was removed and 
dried in air overnight. 

Before location of the spots, the chromatogram was 
heated at 65 C for 15 min and then cooled. ‘The spots were 
located by spraying with 0.5% ninhydrin in acetone and heat- 


ing for 30 min at 65 c. 


b) Estimation of Total Amino Acids 

Although the amino acids were separated for qualita- 
tive identification, no attempt was made to determine the 
amount of each individual amino acid present. Rather, 
samples were analysed for total amino acid content. 

Material to be analysed was homogenised in a ground 
glass homogenizer with 95% ethanol. Aliquots of the ethanol 
extract were spotted on thin-layer chromatography plates, 
using Silica Gel G as the absorbant. Plates were developed 
in n-butanol-acetic acid:water (60:20:20). Individual 
amino acids were identified by comparision of R, with that 
of mown amino acids. Measurement was done by elution from 
the thin-layer chromatography plates with distilled water 
and reaction with ninhydrin (Moore and Stein, 1954). The 
reaction was carried out a9 follows: 2 g of ninhydrin and 
0.3 g of hydrindantin were dissolved in 75 ml of methyl 
cellosolve without incorporating bubbles. ‘lwenty-five ml 


of 4 N sodium acetate buffer (pH 5.5) were added and the 


qT 


resulting reddish reagent solution was immediately trans~ 
ferred to a dark-glass reservoir bottle and stored in the 
refrigerator. The pi 5.5 buffer was made by adding 200 m 
of water to 272 g of sodium acetates} 1,0 and stirring 
the mixture on a hot-water bath. The solution was cooled 
to room temp, 50 ml glacial acetic acid added, and the 
volume made up to 500 ml. It was stored at 4G. 

One nl of sample containing amino acids to be 
measured was added to 1 ml of the reagent, the capped 
tube shaken (10 sec.) and heated for 15 min in a boiling 
water bath, Five ml of diluent (50% ethanol) were added 
to each tube, cooled to 30 C, and the tubes were shaken 
ina rack for €30 sec. Absorbance was read at 570 mp 
against a blank of water. The wiknowns were compared with 
@ standard curve made with leucine (0.05 - 0.2 mM), and 
results reported as "leucine equivalents". Recovery of 


Imown amounts of amino acids averaged 90.0%. 


Potal Non-Protein Nitrogen (NPN) 


It was found that the usual methods for deproteini- 
zation were not applicable for this study, since most call 
for addition of acid, such as trichloracetic acid. Upon 
acidification of a solution, any purines present were pre~ 
cipitated and lost along with the protein. Therefore it was 
decided to separate protein from the non-protein components, 


measure the protein nitrogen, and subtract the protein 
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nitrogen from the total nitrogen to give TNPN. Separation 
of the protein from other components was accomplished by 
Sephadex column chromatography. Sephadex 6-25 (medium), 
obtained from Pharmacia Fine Chemicals Inc., Piscataway, 
HN. J., was used ine colum of 12 mm diameter end 200 mm 
height. A test solution containing bovine serum albunin 
and uric acid was found to be separated completely by this 
column, Mucous from the snails studied gave a character~ 
istic ultra-violet spectrum and could therefore be detected 
in the fractions collected from the colum. 

The material to be analysed was homogenized in 0.01 
N NaOH and centrifuged at 12,000 RPM in a Servall type S5-1 
Superspeed Angle Centrifuge. A 0.05 ml aliquot of the 
supernate was placed on the Sephadex columm for fractiona- 
tion. Fractions containing only protein were collected 
and the nitrogen content was determined by a Kjeldahl 
method, as was the nitrogen content of aliquots of the 
unfractionated supernate. 

The material to be analysed for nitrogen was placed 
in a 10 ml volumetric flask with a small glass bead to 
prevent bumping of the fluid in the intense heat used. 

One ml of 20% H,S0, and a small amount of selenium metal 
(Noch and Melieckin, 1924) were added, The flask was 
placed in an angled hole in a large aluminum block on a 
hot plate. ‘he fluid was heated to a temperature in excess 


of 260 ¢ for 6 hours. It was then allowed to cool to room 
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temperature, 4 drops of 307 1,0, were added to oxidize all 
remaining material, and the flask vas heated again for 20 
min. It was then cooled, and the contents diluted to 10 
ml, The Conway diffusion method was used to determine the 
ammonia content of the flasks. One-ml aliquots from each 
flask were pipetted into the reaction chamber of a Coleman 
Microdiffusion dish (Figure 2), 1 ml 0,05 N HCL containing 
methyl red was added to the collector chamber, 1.5 ul 207 
NaOH pipetted into the sealing chamber and 1.0 ml of 20% 
ReOH pipetted into the reaction chamber. ‘he dish cover 
was quickly placed over the dish and the dish vas allowed 
to stand for 12 hours. The dish cover was then removed and 
the HCl titrated with a Coleman Microtrator to determine 
the ammonia content. Recovery of known ammonia was 98.8%. 
Recovery of kmown uric acid averaged 89.67. Results of 
determinations were adjusted for recovery. Protein nitro- 


gen was subtracted from total nitrogen to give NPN. 


Figure 2. Conway Diffusion Dish. A = top view 
1) Collector Chamber 2) Reaction Chamber 
3) Sealing Chamber B= side view 


Dish lid 


Dish 


RESULTS 


Results of analyses on kidney and exeretory material 
are summarized in Table 1, No material identifiable as 


exeretory in origin was found for Mesomphix vulgatus. 


Ammonia. 
Dissolved ammonia was found in all material studied, 
also in very swall amounts. Ammonia nitrogen represents a 
larger percentage of the MPN in Euglandina kidney than 
does urex (p £0.05, + test), but in Euglandina excreta 
and HMesomphix kidney there is no significant difference 
(p £0.20). No gaseous ammonia was detected in either 
species by any method used. Recovery of known added ammonia 
was 100.0%. 
Uren 
Urea was present in all material studied, but in 
very small amounts. Results are given in Table 1. 
Purines 
Frosh Buglandina excreta consist. of a white paste, 
immediately suggesting the presence of purines. Kidneys 
of Mesomphix and Euglandina are creamy in color. Thin-layer 
chromatography of alkaline extracts of Huglandina kidney and 
excreta and Mesomphix kidney revealed only two spots under 
ultraviolet light, The materials in these two spots 
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ABLE 4 


NON-PROTEIN NITROGEN CONTENTS OP KIDNEY AND EXORETA 


are oro 


Species Material mg, Ne dry wt. 
Ese (x) 


omen 


cunnrse 


Be. W/e dry wt 


zse 


Rose 


38:7 4661 (9) 
eednoy 
range: 17.2-70.1 


42.9 23.6 (9) 


25.6-6061 


18.5 21.8 (9) 


8.302542 


22.0 22.2 (9) 


BeTa3208 


Tet 1268 (8) 


143.2 


55-9 2566 (8) 


40.6-79.6 


10.8 22.2 (8) 


2.9-20.0 


26t-10.2 


223.7 2 1264 (1) 
exorete 
wenger 182-4-255.3 


82.9446 (7) 


66,0-99.6 


18.72 4.0 (7) 


BeBe3te1 


6.9215 (7) 


10.0-1165 


ee 


TABLE ¢ 
(eont) 


waa ost 
Specter Material ngs! IVe ary wee ne. te ary wt.| ge 
EK) | zs sem) 
22208 (6) |2.5 20.8 (6/34 20.9 (8) [3821.0 (8) 
vitney 
ranger 00-6, 1.0-961 tezst0.2 
theo (8) [11203 (e]36 20.8 (8) [23 s0.4 (8) 
taney 
sanger 9662.0 | 0.3-246 047-644 0.7403 
3.0 20.8 (6) [161203 (6) [142007 (6) [os 20.3 (6) 
oxerete 
rancor 0.765.5 | 063-200 0.0n4 


ve 


aie 4 
(eons) 


joe AcrDs 
(eueine equivalents) 


mer 


2 Ye ary ate ome Rg. W/g ary ute 
se) zs m| Fs mM 
25249 (9) | 2745-6 (9) | O97 s 12.7 (12) 
eanoy 
range: 544-56.0 26204 286-1817 
30.5 25-4 (10) | 19.3234 (109) 157.8 » 12.7 (7) 
ites 
ranger 12+34625 78-38. 109,0-220.0 
4.720.3 (8) | 0.60.1 (8) | 270.1 25.5 (7) 
onereca 
range: 0.83.5 Oudete 20541-28662 


se 


26 


chromatographed identically with guanine and uric acid, 
respectively. Ultra-violet spectra of eluates of the spots 
using four different solvents are shown in Figures 3 ~ 8, 
confirming the presence of guanine and uric acid. Wo 
other purines were detected in extracts of kidneys or 
excreta of either species studied. Uric acid represents 
the major portion of TPN: 43% in Mesomphix kidney, 56% 
in Euglandina kidney, and 83% in Euglendina excreta, 
Guanine represents a significant but much less plentiful 
component. 
Amino Acids 

a) Qualitative Results 

Several amino acids were found in the kidneys and 
excreta (Figure 9). Fewer ninhydrin-positive spots were 
found on thin-layer chromatograms of Euglandina exereta 
than those of kidneys of the two species analysed. Amino 
acids present in Euglandina kidney were, in decreasing 
order of intensity of ninhydrin staining: tyrosine, 
histidine, arginine ana lysine, homoserine, phenylalanine, 
norleucine, isoleucine, glutamine, serine, glycine, and 
valine. Mesomphix kidney contained, in decreasing order: 
tyrosine, phenylalanine, isoleucine, leucine, serine, 
glutamic acid, glycine, arginine and lysine, norleucine, 
histidine, and valine. Euglandine excreta contained 
tyrosine, histidine, lysine and arginine, isoleucine, 


leucine, glutamine, and serine. 


Figure 3. Ultra-violet spectra of known uric acid 
and unknown comipound of Mesomphix kidney. 
Solvents: A = 0.06 N NaOH; B= 0,06 If 
borate buffer, pli 8.9; C = 0.1'M 
phosphate buffer, pH 6.8; D = 0.1 N HL. 
Fmown trie nei 
= Unknown compound. 
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Figure 4, Ultraviolet spectra of known guanine and 
unlnown compound of Mesomphix kidnoy. 
‘Solvento: A = 0,06" NaOH B = 0.08 
orate buffer, pil 8.9; C = 0.1-M 
Phosphate buffer, pl! 6.8; D = 0.1 N HCL. 
Known guanine; 
—— Unknown compound. 
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Figure 5, Ultra-violet spectra of mown uric scid and 
unknown compound of Euglandina kidney. 
Solvents: A = 0. oc tao Wat 
borate buffer, pH 8. ql 
phosphate buffer, pit 6. 5; 
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Figure 6. Ultra-violet spectra of Imovwn guanine and 
unknown compound of Euglandina Icidney. 
Solvents: A = 0.06 N Nao; B = 0.06 M 
borate buffer, pil 6.9; C = 0.1 W 
phosphate buffer, pit 6.8; D = 0.1 N HCL. 
Yow guanine; 
———Unknown compound. 
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Figure 7. Ultra-violet spectra of mow uric acia and 
unknown compound of Euglandina excreta. 

Solvents: A = 0.06 N Ha 

borate buffer, pH 8.9; C 

phosphate buffer, pit 6.8; 

——Imown uric acid; 

—Unknown compound. 
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Figure 8, Ultra-violet spectra of known guanine and 
unknown compound of Buglandina excrete. 
‘Solvents: A = 0,06-N Nally W = 0.06 i 
porate buffer, pH 8.9; C = 0.1-1i 
phosphate buffer, pi 6.6; D = 0.1 K HCL. 
———Inown guanine; 
‘Unimown compound. 
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Figure 9,. Two-dimensional thin-layer chromatograms 
showing patterns of amino acids. 
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b) Quantitative Results 
Amino acids of Fuglandine and Mesomphix kidneys 

represented 19% and 2575 of the TPN, respectively. Less 

then 1% of the TNPN of Euglandina excreta was amino acid 


nitrogen (Table 1). 


ENeN 
Mesomphix kidney contained widely varying amounts 
of TNPN, but averaged 90 mg/g dry wt, Buglandina kidney 
contained nearly twice as much THPN, 158 mg/g dry wt, and 
was somewhat less variable. Huglendina excrete contained 
270 mg TNPN/g ary wt, The range of this fraction was 
small, and indicates e fairly consistent composition of 


the excreta, 


Protein in Euglandina Excreta 
The protein content of Euglandina excreta averaged 


‘1s3 mg W/g ary excreta (SE = 1.2, N = 18), 


otal Nitrogen Excretion by Buglandina 


4n average of 4.1 mg of non-protein nitrogen was 
found for each excretion of Euglandina (N = 8, SE = 1.0, 
range = 1.6 - 10.2 mg N). 

A summary of all quantitative results is given in 


fable 2. 


species 


‘TABLE 2 
BALANOH SHEED OP NON-PROTEIN NITROGEN CONTENTS OP KIDNEY AND EXCRETA 


Urte Aolg Guanine Uren Anon nino edge Total 
Material i ANP = TPN | AMEN | Sk OPN | EMT THEN 


429 22.0 25 1.2 247 9363 


5549 8.0 at 22 19.3 85.6 


excreta 82.9 6.8 at os 0.6 92.0 


ey 


DISCUSSION 


It is interesting that Mesomphix produced no 
etectable excretory material, This finding, while not 
expected, may be quite common among species of small 
pulmonates, Most small snails appear to have a life span 
of only 1 year, Boycott (1934) found that all small 
British snails he studied were annual, with a life span of 
9-15 months. Larger species, such as H. pomatia, 
3 


A terrestrial species with a short life span of 1 


had e life span of more than years. 


year might conserve water and 
ing. A material such as uric. 
stored in the kidney and only 
(1966), in @ study on Limaea 
snails excrete very little, if 


they store uric acid in their 


energy by excreting noth~ 
acid or guanine could be 
released at death, Duerr 
stamalis, found that these 
anything. He suggested that 


body and excrete this infre- 


quently. Needham (1935) reported 115 mg uric acid/g 


ary kidney wt for L. stagnalis, which has a life span of 
14 months (Noland and Carriker, 1946). 

‘An attempt was made in the present study to deter- 
mine the life span of Mesomphix by weighing and measuring 
collected snails, but the results were inconclusive. It 


appeared, however, that by early spring almost all of the 
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large snails living through the winter had died. At about 
the same time very small snails had begun to appear. Thus 
there is a good possibility that Mesomphix vulgatus is 
annual. 

Mesomphix kidney contains a significantly higher 
percentage of guanine nitrogen than does Euglandina kidney 
(p <0.01, test). Guanine is a more efficient storage 
purine than uric acid, since it contains 25% more nitrogen 
per molecule, Guanine is also less soluble than uric acid. 
The solubility of uric acid is 0.0025 g/100 mi H,0 at 
20 C, while that of guanine is 0.0005 g/100 ml H,0 at 
20 ¢ (Albert and Brown, 1954). By the storage of large 
amounts of guanine, Mesomphix is able to store more nitro- 
gen in its kidney, with less energy used in its deposition 
than if it used uric acid alone. 

Other aspects of Mesomphix bear on its nitrogen 
storage. It is a scavenger, feeding on dead snails and 
decaying vegetable matter. Therefore it ingests more 
nitrogen per unit weight of food than does a strict 
vegetarian. This may necessitate excretion of stored 
purines on rare occasions. However, Mesomphix is not @ 
very active snail. It spends much of the time withdraym 
into its shell. only after a rain was it possible to find 
numerous active snails. While inactive, very little 
metaboliem is likely to occur, keeping nitrogen catabolism 


to a minimum, 
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It would be desireable to determine whether there 
is an increase in the amount of NPN stored in the kidney 
of Nosomphix over the period of a year. 

Euglandina, a much larger snail and a rapacious 
carnivore, ingests appreciable amounts of protein nitrogen. 
However, large quantities of excreta are voided within 12 
hours after feeding, thus eliminating excess nitrogen. 

Uric acid is the major purine found in Euglandina 
kidney and excreta. Although there is an apparent differ- 
ence in the percent of uric acid in the kidney and the 
excreta, the difference is mostly due to the amino acid 
nitrogen found in the kidney. If amino acids are disre~ 
garded, the percent of uric acid nitrogen of Buglandina 
kidney closely approximates that of excreta, Guanine is 
also a significant material in both kidney and excreta, 
but does not represent as high a percentage of the TNE 
in Euglandina as it does in Mesomphix. Nucleic acid 
catabolism and ingested guanine from prey kidney can 
probably account for most guanine found in Euglendina, 

Several previous studies have shown the presence 
of three purines in snail kidney and excreta: uric acid, 
guanine, and xanthine, in H. pomatia (Jezewska, et al., 
1963a,b) and in Q, lactea (Lee and Campbell, 1965). 
Xanthine is approximately 25 times as soluble as uric 
acid (Davson, et al., 1959), thus requiring more eneray 


for water resorption when this material is exereted, or 
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resulting in the loss of more water, These two restric~ 
tions do not affect Buglandina and Mesomphix. 

In snail uric acid biosynthesis, Bricteux-Cregoire 
and Florkin (1962) conclude that the pathway elucidated by 
Buchanan, et gl. (1948) is operative, The pathway contains 
the reaction sequence, guanine AUSMBSS.. santhine 
xanthine oxi6a8¢, ric acid. Snail species excreting all 
three of these purines mist have guanage and xanthine 
oxidase with fairly low activities, Xanthine oxidase of 
Euglandina end Mesomphix, however, must be very active, 80 
that, on formation, xanthine is immediately converted into 
uric acid and docs not appear in the kidney, 

Ammonia and urea are present in all material examined, 
but do not represent appreciable excretory nitrogen, 

Ammonia found in the kidney may be merely blood ammonia, 
since the amount found in Buglandina excreta is signifi~ 
cantly lower (p 0,005, t test) and could be due to bacteri- 
al action on the excreta. 

Spoeg and Campbell (1968) have reported the elimina~ 
tion of appreciable quantities of anmonia nitrogen from 
Q. lactea and Helix aspersa in the form of ammonia gas. 

The amounts from estivating snails compare favorably with 
amounts excreted by non-terrestrial molluscs (Potts, 1967). 
Ammonia gas from active snails is 50% less than that from 
estivating snails. Active individuals of the two species 


from the present work were analysed in a fashion similar 
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to the method of Speeg and Campbell (1968) as were several 
active H. aspersa, No ammonia gas was recovered, while 
100% recoveries of known ammonia were obtained. It is 
Possible that these active snails produced amounts too low 
to be detected, or the ammonia gas is not produced continu- 
ally, none being produced at the time of analysis, 

Buglandina excretory amino acid nitrogen is very low 
when compared with literature values, such as the 5.2% 
TNPN in H, pomatia found by Delaunay (1931). However, 
Jezewska, et al, (1963a) found no amino acids in either 
kidney or excreta of H. pomatia, 

It is evident that amino acids are not an important 
constituent of Euglandina excreta. They are a very impor~ 
tent fraction of kidney nitrogen, however, in both 
Euglandina and Mesomphix. There are few: data available 
on amino acid content of kidneys or other land snail organs. 
Florkin (1966) found 212.2 mg free amino acias/100 ¢ of 
He pomatia hepatopancreas. Kerkut and Cottrell (1962) 
reported 1 M amino acids/ml serum and 18.2 i/g wet weight 
of brain of H. pomatia, Pilson (1965) found 4.9 - 9.6 mg 
non-protein nitrogen/100 ml serum in various species of 


Halio 


8. These data are difficult to compare with those 


of the present study, but reported values seem to be lower 
than those found here. 

The pattern of amino acids present in Euglandina 
kidney and excreta, and that of Mesomphix is very similar, 
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Awapara (1962) reports Euglandina ginglyana and its 
herbivorous prey Bulimvlus also show relatively little 
difference in their amino acid patterns. One significant 
difference was noted between Euglandina and Mesomphix in 
the present work, Histidine was present in Buglandina 
kidney and excreta in large amounts, as evidenced-in 
intensity of staining on the chromatogram, Mesomphix 
kidney contained large amounts of phenylalanine, with much 
less histidine. No reason for this difference is immedi~ 
ately evident. The function of the high amino acid levels 
found in snails, as well as in other invertebrates, is 
Unknown except in those where it is correlated with osmotic 
regulation. 

The pattern of nitrogen excretory products of the 
species studied here is similar in many respects to 
Previously studied snails. Purines make up the bulk of 
the nitrogen. Uric acid is preponderant, but guanine is 
present in significant emounts. Aumnonia, urea and amino 
acids are found in low quantities in Euglandina exereta, 
Kidneys of both species contain little ammonia and ures, 
but large amounts of amino acids. Both species rely heavily 
on the storage capabilities of their kidneys, Mesomphix 
doing so to the exclusion of excretion. ‘he pattern of 
nitrogen compounds ie remarkably similar in the two snails, 
one & carnivore, the other a scavenger and prey of the 


former, Differences are attributable to longevity and 
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possibly to amount of protein in the diet of the respec~ 
tive specics. 

It has become increasingly evident that lend snails 
are "purinotelic" and not just uricotelic. The analysis 
and interpretation of snail nitrogen excretion should be 
attempted only with the realization that several different 


purines may be involved. 


3 


5 


6. 


SUMMARY 


The kidneys and excreta of two pulmonate land snail 


species, Nesomphix vulgatus and Buglandina rosea, were 


analysed for non-protein nitrogen components. 
Mesomphix was found to void no excretory material. 

The purines,uric acid and guanine, represent 64.9% of 
the total non-protein nitrogen (INPN) of Mesomphix 
kidney TNPN, 63.9% of Buglandina kidney TPN, and 
89.8% of Buglendina excreta THN. 

Mesomphix kidney contained 42.9% uric acid and 22.0% 
guonine. Huglandina kidney wes 55.9% uric acid and 
8.0% guanine, while the excreta was 62.9% uric acid 
and 6.5% guanine. 

Amino acids represented 24.7% of the TNPN of Hesomphix 
kidney and 19.3% of Euglandina kidney. uglandina 
excreta contained only 0.6% of the TNPN as amino acids, 
Urea and ammonia were present in the kidneys and 
excreta, but both materials together represented less 
than 4% of the TNPN. No gaseous ammonia was released 
by either species. 

Almost all of the TNPN of the kidneys and excreta was 
accounted for: 93.3% in Nesomphix kidney, 86,6% in 
Buglandina kidney, and 92.0% in Buglandina excreta. 
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It was considered that Mesomphix yulyatus is a short~ 
Lived species and on individual may exerete very little 
if any nitrogen during its lifetime. 

The kidney of Mesomphix contains a significantly higher 
percent NPN es guanine than dues Buglandina kidney. 
This allows more nitrogen to be stored with an expendi- 
ture of less energy per molecule of purinc, enabling 
Mosomphix to rely on storage of nitrogen rather than 
excretions 

Euglandina, while able to stora large anounts of nitro- 
gen in the kidney, mainly as uric acid, voids waste 
nitrogen cxeretory products within 12 hours of feeding. 
Tho term "purinotelic," rather then wricotelic, seems 


@ better one to apply to land snail excretion. 
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